A rotation-vibration line list for the electronic ground state (X 1 A 1 ) of SiH 2 is presented. The line list, named CATS, is suitable for temperatures up to 2000 K and covers the wavenumber range 0-10 000 cm −1 (wavelengths > 1.0 µm) for states with rotational excitation up to J = 52. Over 310 million transitions between 593 804 energy levels have been computed variationally with a new empirically refined potential energy surface, determined by refining to 75 empirical term values with J ≤ 5 and a newly computed high-level ab initio dipole moment surface. This is the first, comprehensive high-temperature line list to be reported for SiH 2 and it is expected to aid the study of silylene in plasma physics, industrial processes and possible astronomical detection. Furthermore, we investigate the phenomenon of rotational energy level clustering in the spectrum of SiH 2 . The CATS line list is available from the ExoMol database (www.exomol.com) and the CDS database.
Introduction
The spectrum of SiH 2 , known as silylene or silicon dihydride, was first observed in the late 1960s [1] and, since then, numerous experimental and theoretical studies have followed (see Ref. [2] and references within). Its importance in silicon chemistry is largely owing to it being an intermediate in many chemical reactions involving silane (SiH 4 ). For example, the formation of SiH 2 is used to monitor the decomposition of SiH 4 into silylene and hydrogen; and the loss of SiH 2 can be used to track the formation of disilane (Si 2 H 6 ) [3] [4] [5] . Given the widespread use of silane plasmas in industry, detailed spectroscopic information on SiH 2 can significantly help the detection and monitoring of certain processes, such as the deposition of hydrogenated amorphous silicon (a-Si:H) films, the chemistry of which is not fully understood [6] . Silylene is yet to be conclusively detected astronomically with unsuccessful searches in the circumstellar envelope of the carbon star IRC+10216 [7, 8] , despite speculation of its presence in these environments [9] .
Theoretical work on SiH 2 has primarily focused on ab initio predictions of the electronic state ordering relative to the isovalent methylene (CH 2 ), which interestingly has a triplet ground state (see Refs. [10, 11] and references within). More closely related to this study are the full-dimensional variational calculations of the ro-vibrational and ro-vibronic spectra of the ground and excited singlet states,X 1 A 1 ,Ã 1 B 1 andB 1 A 1 [12] [13] [14] . Nowadays, variational approaches are more robust and can offer high-accuracy predictions of line positions and intensities over extended wavenumber ranges, capable of supporting high-resolution spectroscopic measurements [15] . In particular, they have found widespread application in exoplanetary science through the ExoMol database [16, 17] , which provides molecular line lists on a large variety of small molecules relevant to the atmospheric characterization of exoplanets and other hot bodies. In particular the ExoMol database already contains line lists for a number of silicon-bearing molecules: SiH 4 [18] , SiH [19] , SiO [20] and SiS [21] . It is within the ExoMol computational framework [22] that we treat silylene.
In this paper, we present a comprehensive molecular line list for the ground electronic stateX 1 A 1 of SiH 2 . The line list, named CATS, has been computed using robust first-principles methodologies with a degree of empirical tuning to the available spectroscopic data, namely the refinement of a newly computed high-level ab initio potential energy surface (PES) to experimentally determined ro-vibrational term values. The CATS line list is applicable for temperatures up to T = 2000 K and contains over 254 million transitions between states with rotational excitation up to J = 51.
Interestingly, triatomic symmetrical hydrides of the form XH 2 with a heavy central nuclei X and an interbond angle close to 90 • exhibit well separated, near-degenerate rotational energy level clusters at high rotational excitation [23] . This effect arises in local-mode molecules when the bonds are nearly orthogonal to each other such that the rotation of the molecule is not destabilized by Coriolis-type interactions with the vibrational modes. The new CATS line list is used to explore this phenomenon in SiH 2 , which has an interbond angle α e = 92.04 • [2] and is expected to form rotational cluster states at high rotational excitation.
The paper is structured as follows: In Sec. 2 we describe the theoretical approach including the construction of the PES and subsequent empirical refinement, the dipole moment surface (DMS) and the variational calculations used to produce the line list. In Sec. 3, the line list is presented and evaluated along with analysis of the temperature-dependent partition function. In Sec. 4, rotational energy level clustering in SiH 2 is investigated. Conclusions are offered in Sec. 5.
Theoretical approach

Potential Energy Surface
The initial ab initio PES was computed using the explicitly correlated coupled cluster method CCSD(T)-F12c [24] with the F12-optimized correlation consistent basis set, cc-pVQZ-F12 [25] in the frozen core approximation. Calculations employed the diagonal fixed amplitude ansatz 3C(FIX) [26] and a Slater geminal exponent value of β = 1.0 a −1 0 [27] . The auxiliary basis sets were chosen to be the resolution of the identity OptRI [28] basis and the cc-pV5Z/JKFIT [29] and aug-cc-pwCV5Z/MP2FIT [30] basis sets for density fitting. MOLPRO2015 [31] was used for all electronic structure calculations. The PES was computed on a uniformly-spaced grid of 1898 nuclear geometries with energies up to hc · 19 300 cm −1 (h is the Planck constant and c is the speed of light). The grid was built in terms of three internal coordinates: the two Si-H bond lengths 1.2 ≤ r SiH 1 , r SiH 2 ≤ 2.0Å and the interbond angle 30 ≤ α(
The three coordinates of the PES were chosen to be,
where r 1 and r 2 are the bond lengths Si-H 1 and Si-H 2 , respectively, b is the Morse parameter, α is the interbond angle ∠(H-Si-H), and r e and α e are 3 the corresponding equilibrium parameters. The PES was represented using the analytical function [32] ,
where
and
The f ijk expansion parameters obey the symmetric relation f ijk = f jik owing to the identical properties of the hydrogen atoms 1 and 2. The distance between the hydrogen nuclei
and the numerical parameters B 1 , B 2 , g 1 and g 2 are taken as in Ref. [32] (see supplementary material for values). The contribution V HH is to prevent holes appearing in the PES at geometries where r HH is small. The ab initio data was weighted with factors of the form [33] w i =   tanh −0.0008 × (Ẽ i − 12 000) + 1.002002002
Watson's robust fitting scheme [34] was also utilized to reduce the weights of outliers and improve the description at lower energies. A total of 53 parameters were varied (46 expansion parameters + 2 equilibrium parameters + 1 Morse parameter + 4 damping parameters) in a least-squares fitting to the ab initio data which were reproduced with a weighted root-mean-square (rms) error of 0.0048 cm −1 .
Dipole Moment Surface
To represent the instantaneous dipole moment vector µ of SiH 2 , we employed the so-called pq axis system [35] . The p and q axes were defined in the plane of the three nuclei with origin at the Si atom. The q axis bisects the interbond angle and the p axis lies perpendicular to the q axis. In electronic structure calculations, an external electric field with components ±0.005 a.u. was applied along each axis and the respective dipole moment component 4 µ p and µ q determined using central finite differences. Calculations were at the same level of theory as the PES, namely CCSD(T)-F12c/cc-pVQZ-F12 and used the same grid of 1898 nuclear geometries. In order to represent the two dipole components analytically the following expansions were used [36] (see also Ref. [37] ),
where the coordinates
The dipole expansion parameters F ijk are subject to the conditions that the function µ (q) is unchanged under the interchange of the identical protons, whereas the function µ (p) is antisymmetric under this operation. The same analytic representation of the DMS was first used for CH 2 [35] and also previously for SiH 2 [13] .
The dipole expansion parameters were determined through a least-squares fitting to the ab initio data. The same weight factors as given in Eq. (8) were used along with Watson's robust fitting scheme and the equilibrium parameters fixed to r e = 1.514Å and α e = 92.0 • . The µ p component required 20 parameters (including the 2 equilibrium parameters) and reproduced the ab initio data with a weighted rms error of 1.5 × 10 −4 D with the µ q component using 26 parameters (including the 2 equilibrium parameters) giving a weighted rms error of 1 × 10 −3 D. The DMSs of SiH 2 are provided in the supplementary material. Our ab initio dipole moment at the equilibrium (0.066 D) is in a good agreement with the ab initio equilibrium dipole moment reported by Gabriel et al. [12] (0.075 D) and slightly smaller than the equilibrium dipole moment from Ref. [13] (0.14 D).
Variational calculations
Variational calculations were performed with the nuclear motion program TROVE [38] and details of its methodology are discussed extensively elsewhere [22, [38] [39] [40] . Here, we summarise the main calculation steps. 5
The TROVE kinetic energy operator was constructed as a sixth-order Taylor expansion around the SiH 2 equilibrium geometry in terms of the following linearized coordinates,
where r lin i and α lin are the linearized versions of r i and α, respectively (see Ref. [38] ). The PES was also re-expanded to sixth-order in terms of the coordinates
For the primitive basis set, TROVE uses 1D numerical basis functions φ n 1 (χ 1 ), φ n 2 (χ 2 ) and φ n 3 (χ 3 ) constructed with the Numerov-Cooley approach [41, 42] . The eigenfunctions of the 1D stretching and bending Hamiltonian operatorsĤ
were obtained by freezing all other degrees of freedom at their equilibrium values. In order to improve the primitive basis set by making it more compact, a two-step contraction scheme is used. At step 1, the 1D basis functions are combined into two subgroups, one for the stretches φ (2D) n 1 ,n 2 (χ 1 ,
and the other for the bending mode,
and these are used to solve the respective reduced Hamiltonian operators (stretchingĤ (2D) and bendingĤ (1D) ). The reduced Hamiltonians are constructed by averaging the total vibrational Hamiltonian operatorĤ (J=0) over the other ground vibrational basis functions [43, 44] . The resulting eigenfunctions of the two reduced problems, ψ
λ 3 , are contracted and classified according to the C 2v (M) symmetry group [45] using an optimized symmetrization procedure [40] to form a symmetry-adapted 3D vibrational basis set as a product ψ (2D)
This vibrational basis set is then used for the J = 0 eigenproblem at step 2, with the eigenfunctions contracted again and used to form the symmetry-adapted J > 0 ro-vibrational basis set. 6
In steps 1 and 2 an additional basis set cut-off was applied based on the polyad number, P = 2(n 1 + n 2 ) + n 3 ≤ P max (22) which used the polyad cutoff P max = 24. The maximal values of n 1 , n 2 and n 3 that define the size of the primitive basis set were 12, 12 and 24, respectively. The contracted J = 0 basis set contained 192 and 143 basis functions with energies up to 16 000 cm −1 for the A 1 and B 2 symmetries, respectively. For the rotational basis set, symmetrized spherical harmonics were used [40] . Line list calculations employed the empirically refined PES (discussed below) and ab initio DMS. All transitions and corresponding line strengths were computed for the 0-10 000 cm −1 range with a lower state energy threshold of 10 000 cm −1 and upper state threshold of 18 000 cm −1 . States were computed up to J = 60 but only those below J = 51 contributed to the line list with the J > 51 energies lying above 10 000 cm −1 . The nuclear spin statistical weights of 28 Si 1 H 2 are g (ns) = {1, 1, 3, 3} for states of symmetry {A 1 , A 2 , B 1 , B 2 }, respectively. Atomic mass values were used for the TROVE calculations.
Potential energy surface refinement
To improve the accuracy of the computed line list the initial ab initio PES was empirically refined using an efficient least-squares fitting procedure [46] implemented in TROVE. Experimental term values up to J = 5 were extracted from the literature [47] [48] [49] [50] and these are listed in Table 1 . Since spectroscopic data for the ground electronic state is very limited, additional term values of the ν 2 bending mode were generated using the spectroscopic constants from Ref. [47] with the PGOPHER program [51] . Pure rotational energies up to J = 5 were generated in a similar manner using the spectroscopic constants of Ref. [47] . We mention that in some instances we have extracted the 'perturbed' band origins, i.e. those directly observed in experiment and not the 'unperturbed' values fitted in the analysis along with resonance/coupling parameters. For example, in Ref. [49] the perturbed ν 1 fundamental is at 2005.4692 cm −1 , while the unperturbed band origin is given as 1995.9280 cm −1 . Table 1 : Results of the potential energy surface (PES) refinement. Observed term values are compared against those computed with the ab initio and refined PESs. Each energy level is described by seven (standard) quantum numbers and has been assigned a weight in the refinement (see text). The TROVE assignment of the three entries marked with an a disagree with the experimental assignment. The term values marked with a b , referenced by [49] , are from an unpublished work. Term values from Ref. [47] were generated with their spectroscopic constants using the program PGOPHER [51] . The experimental term values from Ref. [50] were shifted by -3.5 cm −1 (see text).
Observed
Ab initio During the refinement we noticed an inconsistency in the experimental energy levels from Ref. [50] . For example, their term value 1014.14 cm −1 (0,1,0), J Ka,Kc = 1 11 can be compared to a more accurate value 1010.6389 cm −1 from Ref. [47] . Here K a and K c are the asymmetric top quantum numbers representing the projections of J along the principal axes a and c, respectively. In fact, after a preliminary fitting to the high resolution data from Refs. [47] [48] [49] we noticed a systematic shift of around 3.5 cm −1 for all term values from Ref. [50] , with the only explanation being miscalibrated experimental energies. We therefore corrected all these term values from Ref. [50] by a constant shift of -3.5 cm −1 (the values in Table 1 have been shifted). This improved the quality of the refinement immediately.
In the refinement, the ro-vibrational eigenfunctions of the Hamiltonian constructed with the ab initio potential V act as a basis set for solving the 'perturbed' ro-vibrational Hamiltonian with the refined potential V = V + ∆V . The latter is represented using the same expansion as in Eq. (4) so the refined parameters f ijk = f ijk + ∆f ijk , where the corrections ∆f ijk are determined in the fitting. The stability of the refinement is controlled by simultaneously fitting to the original ab initio dataset [52] , ensuring that the shape of the PES remains reasonable.
Only 7 expansion parameters were varied in the refinement: the linear parameters f 100 , f 001 ; the quadratic parameters f 200 , f 101 , f 110 , f 002 ; and one cubic parameter f 003 . The quality of the final PES refinement is detailed in Table 1 and illustrated in Fig. 1 . The different weights used in the refinement reflect the experimental uncertainty. Also shown in Table 1 are the variationally computed energy levels using the ab initio and refined PESs and the corresponding residuals (observed−calculated), all in cm −1 . From Fig. 1 we can clearly see that the refined PES calculations have far smaller residuals compared to the ab initio results and that the accuracy of the computed term values has improved. The 100 energy levels used in the refinement were reproduced with an unweighted rms error of 0.73 cm −1 compared to the rms error of 3.43 cm −1 for the ab initio PES. The rotational and ν 2 term values from Ref. [47] were reproduced with an rms error of 0.074 cm −1 , the vibrational band centers reported in Ref. [48] were reproduced with an rms error of 0.73 cm −1 and the corrected ro-vibrational J Ka,Kc term values from Ref. [50] were reproduced with an rms error of 1.45 cm −1 . The equilibrium geometry was refined to the ground state rotational en- ergy levels up to J = 5, yielding the values r e = 1.51440Å and α e = 92.005 • . These are almost identical to the experimental values r exp = 1.5137 ± 0.0003Å and α exp = 92.04 ± 0.05 • , derived in a combined analysis of high-resolution spectroscopic data of SiH 2 , SiHD and SiD 2 [2] . Both the ab initio and refined PESs of SiH 2 are provided as part of the supplementary material along with a Fortran routine to construct the surfaces.
The CATS line list
The CATS line list contains 254 061 207 transitions connecting 369 973 ro-vibrational states and is provided in the ExoMol data format [17] . Extracts from the .states and .trans files are given in Tables 2 and 3 , respectively. The .states file contains all the computed ro-vibrational energy levels (in cm −1 ). Each level has a unique state counting number, symmetry and quantum number labelling and the contribution C i from the largest eigen-coefficient used to assign the ro-vibrational state in TROVE. The .trans files are split into ten 1000 cm −1 wavenumber windows and contain all the computed transitions with upper and lower state ID labels and Einstein A coefficients. 11 
The normal mode quantum numbers v 1 -v 3 were first reconstructed for J = 0 and then propagated to all ro-vibrational states. These are related to the TROVE (local mode) vibrational quantum numbers n 1 -n 3 as follows:
In correlating the normal mode (v 1 , v 3 ) and local mode (n 1 , n 2 ) pairs we also assumed that the energy increases with v 3 . The asymmetric top quantum number K a coincides with the TROVE rotational quantum number K. The corresponding quantum number K c was obtained using the symmetry properties of the oblate rotor [45] , see Table 4 . Because of the way TROVE builds the symmetrized ro-vibrational basis set [40] , the connection between the assignment and the primitive basis functions is not always straightforward and in cases of very small values of |C i |, the assignment should be regarded as indicative.
To illustrate the CATS line list, absorption cross-sections have been generated at 300, 700, 1000, 1500 and 2000 K and the results are shown in Figures 2 and 3 . Spectral simulations used a Gaussian line profile and were performed with the ExoCross program [53] . In Fig. 2 , the entire computed spectrum of SiH 2 is displayed at logarithmic scale and the linear scale is displayed up to 4000 cm -1 . The strongest bands of SiH 2 are 10 µm (ν 2 ) and 5 µm (2ν 2 , ν 1 and ν 3 ), followed by the 2.5 µm (2ν 1 and 2ν 3 ) bands, which agrees with the ro-vibrational spectrum from Ref. [12] . The pure rotational band is weak owing to the small equilibrium dipole moment of SiH 2 . The corresponding values of the transition dipole moments are listed in Table 5 .
As the temperature increases, weaker band features become more prominent and the spectrum flattens. This can be seen in closer detail in Fig. 2 and Fig. 3 . The first excited triplet state (ã 3 B 1 ) of SiH 2 is around 7000 cm −1 [54] while the first excited singlet state (Ã 1 B 1 ) lies at 15 500 cm −1 [55] . The presence of these states would have had an effect on the accuracy of the computed ab initio PES and DMS, due to Renner-Teller and spin-orbit interactions between these electronic states, which were not taken into account here. Furthermore, the PES was only refined to term values below 7000 cm −1 . Use of the CATS line list above 7000 cm −1 , or for transitions originating from states above 7000 cm −1 , should therefore be treated with a degree of caution. That said, the associated transition intensities will be very weak and this should not overly affect the quality of the line list.
Partition function of silylene
The temperature-dependent partition function,
where g i = g (ns) i (2J i + 1) is the degeneracy of a state i with energy E i and rotational quantum number J i , has been evaluated at 1 K intervals in the range 0-2000 K. The convergence of Q(T ) is illustrated in Fig. 4 for T = 300, 1000, 1500 and 2000 K. The flattening of all four lines indicates that convergence has been achieved after approximately J = 10, 30, 40 and 50, respectively.
Rotational energy level clustering
The equilibrium interbond angle of SiH 2 is close to 90 • with the masses of the hydrogen atoms significantly smaller than that of Si. These properties are known to lead to so-called rotational cluster states [56] , where a group of rotational energy levels become quasi-degenerate at high rotational excitation. Dorney and Watson [57] were the first to explain cluster formation in terms of classical rotation about symmetrically equivalent axes associated with "stable" axes of rotation, about which the molecule prefers to rotate. Subsequently, Harter and co-workers (see, for example, Refs. [58, 59] ) developed classical models for the description of cluster formation in XY N molecules and introduced the concept of a rotational energy surface (RES), which defines the pattern of the rotational energy levels. The clustering of two or four quasi-degenerate energy levels corresponds classically to the appearance of two or four stable rotation axes, where clockwise and anticlockwise rotations are regarded independently. The two-fold degeneracy is the well known K-type doubling [60] , while four-fold cluster states in XH 2type molecules were predicted [23, [61] [62] [63] [64] [65] [66] [67] and first observed in the H 2 Se molecule [68] [69] [70] .
In SiH 2 , we have found that the rotational energies display typical fourfold clustering behaviour, illustrated in Fig. 5 , where we have plotted the reduced rotational energy difference,
Here,Ẽ max J,i is the maximal energy level for a given J-manifold, which for SiH 2 corresponds to K a = J. As J increases the separation between the two pairs of levels with K a = J (K c = 0 and K c = 1) and K a = J −1 (K c = 1 and K c = 2) increases, which is common in asymmetric-top molecules. However, after a critical J value of J cr ≈ 17, this separation starts decreasing until four-fold cluster states form. For example, at J = 40 in the top cluster (shown in the bottom panel of Fig. 5 ), the separation between the two pairs is only 0.2 cm −1 but at J = 50 this gap is reduced to 0.006 cm −1 . The pattern of the rotational energy levels in Fig. 5 is typical of most XH 2 -type molecules [64, 66, 67, 69, 71] .
As mentioned above, the four-fold clusters at high J can be associated with the formation of stable rotation axes around the molecular bonds Si-H 1 and Si-H 2 with four equivalent rotational motions: clockwise/anticlockwise around the Si-H 1 and Si-H 2 bonds. These rotation axes are approximately at 45 • relative to the principal axes of the molecule x axis (along the bisector) and z axis (in plane). The other stable rotational direction is around the axis associated with the x axis. The rotational motion is commonly illustrated using the rotational energy surface E θ,φ [58, 59] , constructed as the minimum ro-vibrational energy for each orientation of the angular momentum vector J considered in the molecule-fixed axis system, where the orientation is described by a polar angle θ and an azimuthal angle φ. Here θ ∈ [0, π] is the angle between J and the molecule-fixed z axis and φ ∈ [0, 2π] is the angle between the x axis and the projection of J in the xy plane, measured in the usual positive sense. In this picture, the RES is a manifestation of the pure rotational motion of a molecule with the vibrational motion completely frozen to the corresponding optimized geometry. If the rotational motion is classically represented by trajectories on the RES, the stationary points (zero-dimensional trajectories) represent rotation about the stabilization axes.
For SiH 2 , we have constructed the RES from a classical ro-vibrational Hamiltonian H rv with the xyz components of the quantum-mechanical angular momentum operator J substituted by their classical analogues,
J y = J(J + 1) sin θ sin φ (29)
with the generalized momenta p n = ∂T /∂q n set to zero [68] . Here, T is the classical kinetic energy and the momentum p n for n = 1, 2, 3 is conjugate to the generalized coordinate q n ∈ {r 1 , r 2 , α}. The classical Hamiltonian H rv was defined as the same Hamiltonian used in variational TROVE calculations. The RES E J (θ, φ) is then given by [72, 73] 
where the classical Hamiltonian function H rv is calculated at the optimized geometries r opt i , α opt for each orientation of the angular momentum defined by the polar and azimuthal angles (θ, φ). The RES was computed on a regular grid of angular points θ m , φ m . The bond lengths r 1 and r 2 and the bond angle α were optimized at each grid point by minimizing the classical energy E = H rv (r i , α i , θ m , φ m ).
The maxima (θ = 36 • and θ = 144 • , φ = 0 • and 180 • ) form the stationary points of the semi-classical description of the rotation of SiH 2 and can be used to interpret the rotational clustering in the quantum-mechanical description: n-fold degenerate energy clusters [58, 74] correspond to a RES with n symmetrically equivalent stationary points. Coriolis-type effects break the C 2v symmetry of the molecule in the cluster states. For example, the optimized geometry corresponding to the stationary point at θ = 36 • , φ = 0 (J = 40) was found to be r 1 = 1.519Å, r 2 = 1.648Å and α = 87 • . See also Ref. [71] on the bifurcation of stationary points and how it affects the formation of rotational energy clusters.
Conclusion
The first, comprehensive high-temperature rotation-vibration line list, named CATS, has been calculated for the electronic ground state of SiH 2 using a refined PES and a high level ab initio DMS. The line list covers the wavenumber range 0-10 000 cm −1 and is applicable for temperatures up to 
20
of SiH 2 predicted in Refs. [12, 13] . The CATS line list is available from the ExoMol database [16, 17] at www.exomol.com which already contains line lists for SiH 4 [18] and SiH [19] . There are also recent experimental studies on SiH 3 [6] . These line lists will facilitate spectroscopic studies on silane plasmas. It is also hoped that our work will stimulate more investigations into SiH 2 to enable our theoretical spectroscopic model to be benchmarked and improved upon. We have demonstrated that SiH 2 forms rotational energy level clusters at high rotational excitation and established the critical J value of J cr ≈ 17 when the effect first becomes noticable. Cluster states are intimately linked to the phenomenon of rotationally-induced chirality in the motion of small polyatomic molecules [75] and the use of techniques from strong-field laser physics [76] can be utilised to produce dynamically chiral molecules through extreme rotational excitation [77] .
The CATS line list should find use in plasma physics and the monitoring of SiH 2 in different processes and reactions. Since silylene is a radical and highly reactive, whether it can accumulate in large enough quantities to be detected astronomically is debatable. As discussed above, given the complicated electronic structure of SiH 2 and the relatively low-lyingã 3 B 1 andÃ 1 B 1 excited states, some caution should be exercised when using the line list above 7000 cm −1 , or for transitions originating from states above 7000 cm −1 . That said, the associated transition intensities will be very weak and we do not expect the quality of the CATS line list to be significantly affected.
